A new assay for tissue-type-specific ad- Since the classical studies of Townes and Holtfreter (1) the mechanisms of embryonic cell adhesion and sorting out have received a great deal of attention (2, 3). In spite of these extensive studies, direct evidence for actual adhesive specificity has been lacking. Two independent studies have now demonstrated that adhesions between like cells are more probable than between unlike cells. Roth (4) Studies aimed at isolation and identification of the surface structures or macromolecules involved in this specific adhesion are being pursued in a number of laboratories. Preparations from monolayer cultures of embryonic chick neural retina (6) and mouse cerebrum (7) have been shown to enhance the aggregation of neural retina and cerebrum cells respectively.
Since the classical studies of Townes and Holtfreter (1) the mechanisms of embryonic cell adhesion and sorting out have received a great deal of attention (2, 3) . In spite of these extensive studies, direct evidence for actual adhesive specificity has been lacking. Two independent studies have now demonstrated that adhesions between like cells are more probable than between unlike cells. Roth (4) measured the number of labeled single cells adherent to an aggregate of like or unlike cells when cultured together and Walther et al. (5) have measured the rate of adhesion of labeled cells to a monolayer of like or unlike cells.
Studies aimed at isolation and identification of the surface structures or macromolecules involved in this specific adhesion are being pursued in a number of laboratories. Preparations from monolayer cultures of embryonic chick neural retina (6) and mouse cerebrum (7) have been shown to enhance the aggregation of neural retina and cerebrum cells respectively.
Although the active factors in these preparations have as yet not been definitively characterized, they appear to be macromolecular in nature and contain both protein and carbohydrate. Lilien (6) has demonstrated in cross adsorption studies with several cell types that the factor which promotes embryonic chick neural retina cell aggregation is taken up only by neural retina cells. This fact suggested a basis for the development of a sensitive and quantitative assay for binding. Radioactive culture supernatants active in specifically enhancing cell aggregation can be prepared from cell or organ cultures incubated with isotopically labeled glucosamine. The assay for binding measures radioactivity associated with cells after incubation with the labeled supernatant material.
In this paper we show that macromolecular components in the aggregation-enhancing supernatants from cultures of two different types of chicken-embryo tissues, neural retina and cerebral lobes, show specific binding to the corresponding cell type. The kinetics of this specific binding suggests that cooperative interactions are involved. vested by centrifugation and 5% trichloroacetic acid containing 30 pg/ml of glucosamine was added. The precipitate was collected by centrifugation and washed once with 5% trichloroacetic acid and 30 gg/ml of glucosamine. The final pellet was solubilized and radioactivity was measured in a liquid scintillation spectrometer (Beckman, LS150). Fig. 2A and B) , and second, in contrast to homospecific binding (Fig. 1A and B) heterospecific binding is completely displaced by the addition of horse serum ( Fig. 2A and B) . For both heterospecific combinations 50,l of horse serum is sufficient for virtually complete inhibition of binding of radioactivity.
RESULTS
To further investigate the relationship between sigmoid kinetics and specificity, other cell types were used in binding studies with [3H ]RAPM in the presence and absence of added horse serum in the reaction medium. Chicken-embryo liver and Chinese-hamster cells were chosen. Fig. 3 (Fig. 4) .
The effect of RAPM concentration was followed at different cell concentrations and the sigmoid response was always evident. A setof curves obtained with the same cell andRAPM preparations is shown in Fig. 5 iA 10 X 106 cells per 2 ml). and starts increasing again after 30 min. In contrast, binding increases linearly with time when the reaction medium is BME adjusted to pH 6.5 with C02, the reaction being complete after about 1 hr of incubation. These results can be explained in terms of the viability of the cells;.after 10 min of incubation in Na phosphate or Hepes-buffered medium cell degeneration becomes apparent (assessed by trypan blue-dye exclusion test); this does not occur in bicarbonate-buffered medium. Furthermore, when binding is followed for 1 function of [3H]RAPM concentration in Na phosphate buffered BME the resulting curve does not show a sigmoid shape and binding can bereadily displaced by horse serum (Fig. 7) . In contrast to this, after 1 hr of incubationin bicarbonate-buffered BME the curve obtained is sigmoid and binding is not displaced by horse serum. Because the pH of bicarbonatebuffered solutions is difficult to control, we have chosen Naphosphate-or Hepes-buffered BME in our standard assay and 10 min as the standard incubation time. Under these conditions cell degeneration is minimal and sigmoidicitv and specificity are apparent. type-specific binding shows a cooperative dose-response profile, whereas nonspecific binding does not.
While this present work has tested only neural retina and brain supernatants, it would not be surprising if the above criteria could be applied to a variety of supernatant-cell combinations.
The cooperative effect strongly suggests that tissue specific configurational changes occur at the cell surface as a result of specific binding. The fact that the surface receptors are available after trypsinization of the cells, which removes some 50% of the sialic acid containing surface macromolecules of neural retina cells (9) , further suggests that the receptors may be integrated into the membrane as part of an ordered system rather than loosely bound surface components. The disappearance of specific-co6perative binding in degenerating cells may possibly be explained by the inability of their surface membranes to undergo the configurational change which appears to be an integral part of the specific reaction.
The fact that the aggregation-promoting material has not as yet been purified does not allow us to definitely state that aggregation enhancement and specific binding are due to the same component(s). For neural retina this identity is suggested by the parallel between the specificity of aggregation enhancement and the specificity of binding. Two additional correlates further support this contention: (i) Aggregation enhancing activity is lost upon incubation at 40 with homologous but not heterologous cells (6) . This specificity is also reflected in the binding assay. (ii) After a short period in culture cells prepared by trypsinization have a reduced ability to bind RAPM. Similarly RAPM will no longer promote aggregation when added after the cells have been in culture for a short period (6) . Our interpretation of this is that trypsinization removes or inactivates specific adhesive macromolecules and exposes specific receptors; upon cultivation these receptors are covered by endogenously supplied adhesive macromolecules synthesized and/or rearranged at the cell surface. This interpretation is supported by Roth's (4) demonstration that freshly trypsinized cells are less specific in their adhesive capacity than cells which have been maintained in culture for a short period of time and by Lilien's (11) observation that antiserum directed against the retina aggregation-promoting material does not react with freshly trypsinized cells but does react with mechanically dissociated cells.
The specificity of binding demonstrated for neural retina complements and extends the biological specificity (aggregation promotion) previously demonstrated. The brain factor, on the other hand, promotes the aggregation of both brain and retina cells (McQuiddy and Lilien, submitted for publication). Its binding specificity is thus in contrast with its biological specificity. The most tenable explanation for this is that two distinct activities exist in the brain supernatant: one which specifically promotes brain-cell aggregation and is specifically bound to brain cells, and a second which promotes retina cell aggregation. This second factor is distinct from the retina produced aggregation-promoting material as evidenced by its lack of binding to retina cells in the presence of horse serum. It is probable that the supernatant solutions produced by the tissues contain a variety of components, some obviously capable of promoting heterologous cell aggregation, possibly in a manner similar to the effect of serum on aggregation (10) . Differences in the kinetics of binding between such components as well as their sensitivities to competition by horse serum provide a way of distinguishing their effects, otherwise impossible without purification of the individual components.
The extreme ease and reproducibility with which this assay can be performed make it possible to study the chemical basis for the specificity of binding and provides a more quantitative and rapid means of monitoring purification of tissue-type specific adhesive macromolecules than the previously available aggregation-promotion assay.
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